I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Blood management is essential for the successful outcome of total knee arthroplasty (TKA).[@ref1] TKA is a major orthopedic operation that involves substantial postoperative blood loss of approximately 800-1500 ml.[@ref2] In addition to having a major impact on the recovery and rehabilitation of TKA patients, such a magnitude of blood loss frequently necessitates allogenic blood transfusions, which have been associated with the transmission of infectious diseases, increased postoperative bacterial infection, and other immunological and non-infectious transfusion complications.[@ref3][@ref4][@ref5]

Surgeons have pursued various strategies for dealing with blood loss, such as preoperative autologous donation, cell salvage, and the use of erythropoietin. These approaches have been shown to offer relatively small benefits in terms of reducing the need for allogenic blood transfusion and they can also incur increased cost.[@ref6][@ref7] Indeed, the most effective way to reduce the need for allogenic blood is to control the amount of blood lost during an operation. Nowadays, it is common practice to perform TKA using pneumatic tourniquets to ensure negligible blood loss during the procedure, and to improve the visibility of the surgical site. Unfortunately, studies also show that artificial ischemia of the operated knee can increase the activity of the fibrinolytic system, which may in turn accentuate postoperative bleeding.[@ref8][@ref9][@ref10] Fibrin has been used as a hemostatic agent for over 100 years.[@ref11] During the 1970s, improvements in plasma fractionation methods and the availability of concentrated fibrinogen led to significant progress in the optimization of the rheological properties of fibrin tissue adhesives. Other recent advances include the use of screening and vapor heat treatment for viral safety and the use of spray devices for optimal delivery of adhesive onto the wound surface.

These recent advances have resulted in the use of fibrin tissue adhesive technology across a range of surgical settings, including cardiac,[@ref12] vascular,[@ref13] spinal,[@ref14] pediatric adenoidectomy,[@ref15] laparoscopic partial nephrectomy,[@ref16] and endoscopic sinus surgery.[@ref17]

The aim of this study was to evaluate the hemostatic efficacy of a hemostatic matrix, composed of a bovine-derived cross-linked gelatin matrix and a human-derived thrombin solution, in patients undergoing TKA by determining postoperative (1) hemoglobin levels, (2) hematocrit levels, (3) mean total blood loss, and to assess (4) blood transfusion requirements and any adverse effects.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

This was a prospective, randomized, controlled trial conducted in 93 patients and no patient declined to participate in the study during the accrual process. The randomization was performed through a computer assisted program. All procedures took place in the same institution and were performed using the same standard surgical procedure. Criteria for participation were unilateral TKA for osteoarthritis, and a preoperative hemoglobin level \>13 g/dL. Patients with inflammatory arthritis, heart disease, peripheral arterial disease, cerebrovascular disease, allergies to bovine products, or a history of bleeding disorders were excluded from the study. Between November 2007 and January 2010, 93 patients undergoing elective primary unilateral TKA for osteoarthritis who met the inclusion criteria were enrolled. The patients were followed up according to the predefined study protocol. The study was approved by the local ethics committee of the hospital (registration number ADJ00843). The study was conducted according to the Declaration of Helsinki; the patients gave their informed consent prior to their inclusion.

We tested the hypothesis that the application of a hemostatic matrix, composed of a bovine-derived cross-linked gelatin matrix and a human-derived thrombin solution, would reduce bleeding following TKA when compared with electrocoagulation, the standard method of hemostasis (control). The outcomes were postoperative hemoglobin and hematocrit levels measured at 24 h, 72 h, and 7 days. The mean total postoperative blood loss was calculated. In addition, the drain output 24 h following surgery and any transfusion requirements were determined.

Low contact stress uncemented rotating platform prostheses (Depuy, Leeds, UK) without patellar resurfacing were used for all implants. The hemostatic matrix used in this study (Floseal^®^, Baxter Healthcare Corporation, Fremont, USA) consists of a bovine-derived cross-linked gelatin matrix containing a human-derived thrombin component (500 I.U/mL). It was prepared in accordance with the manufacturer\'s instructions.[@ref18]

Operative procedure {#sec2-1}
-------------------

All operations were performed in a bloodless field with the use of a pneumatic tourniquet. In all cases, the drill hole created for the intramedullary guide rod was occluded with bone prior to implantation of the femoral component in order to reduce blood loss. After insertion of the prosthesis without cement, the tourniquet was deflated and hemostasis was achieved by the use of an electrocoagulator. Patients did not receive tranexamic acid at any point throughout the procedure.

Before closure of the soft tissues, the knee joint and the entire operative field were thoroughly rinsed with sterile (non-heparinized) saline solution to remove all debris and were meticulously dried. For patients randomized to receive hemostatic matrix, 10 ml of the hemostatic matrix was applied, using an applicator tip (or syringe tip) to dispense, into the joint itself, on to the raw surfaces of the bone, muscles and tendons, and around the subcutaneous tissues. The hemostatic matrix was applied to the anatomical regions where it is difficult to use an electrocoagulator. All the hidden pouches of the joint were exposed to ensure that as much surface area was covered with hemostatic matrix as possible, excluding the bone under the implant.

In both patient groups, drains were used in the joint and connected to a high-vacuum, suction-drain bottle for 24 h. The knee joint was then closed in layers. All patients received low molecular weight heparin, (4000 IU enoxaparin sodium) as thromboprophylaxis 12 h before the operation and every 24 h postoperatively. A calf pump was used during recovery to reduce the risk of deep vein thrombosis (DVT). The mean duration of therapy was 30 days, usually until the patient regained adequate leg motion. Any blood transfusion requirement or complications, such as signs of infection or DVT, were recorded. The criteria for transfusion were based upon a number of factors including the pre- and postoperative hemoglobin levels and intraoperative blood loss. The attending surgeons made the decision to transfuse patients with a postoperative hemoglobin level of 8.5-9 g/dL, only if they had relevant symptoms, such as fainting, tachycardia, or asthenia. No patients had a hemoglobin level \<8.5 g/dL at any point of time postoperatively. Patients with a hemoglobin level \>10 g/dL were not transfused.

Calculation of total blood loss {#sec2-2}
-------------------------------

Loss of blood at the end of the operation was recorded by measuring the volume in the suction apparatus. A substantial amount of postoperative blood loss is not evacuated by suction drainage which is extravasated in tissues.[@ref19] Consequently, we estimated postoperative blood loss by calculating the patient\'s blood volume (PBV) using the method of Nadler *et al*. (1962).:[@ref20]

PBV = (k~1~ × height^3^ (m)) + (k~2~ × weight (kg)) + k~3~

For male patients: k~1~ = 0.3669, k~2~ = 0.03219, and k~3~ = 0.6041

For female patients: k~1~ = 0.3561, k~2~ = 0.03308, and k~3~ = 0.1833

Multiplying the PBV by the hematocrit (Hct) gives the red blood cell (RBC) volume. Thus, a change in the RBC volume can be calculated from a change in the hematocrit level, as follows:

Total RBC volume loss = PBV × (Hct preoperative − Hct postoperative)

Transfusions (mean volume per unit = 285 ml) were taken into account by calculating the total blood loss as follows:

Total blood loss (L) = Total RBC volume loss + (Number of units transfused × 0.285) ÷ ((Hct preoperative + Hct postoperative) ÷ 2).

Statistical analysis {#sec2-3}
--------------------

The sample size was calculated by a power analysis and participants were allocated to treatment group by the surgeon, using a computer-generated list of random numbers. Data analyses were performed using the Student\'s *t*-test, the Chi-squared test, and Pearson\'s correlation coefficient. A *p* value of 0.05 or less was considered to be statistically significant for all analysis performed.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The flow of patients through the study is illustrated in [Figure 1](#F1){ref-type="fig"}. Of 93 randomized patients, 51 were allocated to treatment with hemostatic matrix as well as the standard method of hemostasis (hemostatic matrix group), and 42 were allocated to treatment with the standard method of hemostasis only (control group). All 93 patients completed the study. Baseline patient characteristics are presented in [Table 1](#T1){ref-type="table"}. There were no significant differences in baseline patient characteristics between the hemostatic matrix and control groups for men (*n* = 41) or women (*n* = 52).

![Patient flow through the study](IJOrtho-47-474-g001){#F1}

###### 

Baseline patient characteristics for each group by gender

![](IJOrtho-47-474-g002)

Drainage postoperative blood loss {#sec2-4}
---------------------------------

The mean (± standard deviation (SD)) volumes of drainage postoperative blood loss 24 h after TKA are shown in [Figure 2](#F2){ref-type="fig"}. Levels were significantly reduced in the hemostatic matrix group compared with the control group for both men (0.22 ± 0.04 vs. 0.72 ± 0.12 L; 69.65% reduction; *P* \< 0.01) and women (0.19 ± 0.03 vs. 0.65 ± 0.11 L; 70.05% reduction; *P* \< 0.01).

![A bar diagram showing mean drainage postoperative blood loss (after 24 h) in each group by gender](IJOrtho-47-474-g003){#F2}

Postoperative hemoglobin and hematocrit levels {#sec2-5}
----------------------------------------------

The mean (±SD) decrease in hemoglobin levels 24 h after TKA was lower in the hemostatic matrix group than the control group for men (1.79 ± 0.20 vs. 2.49 ± 0.21 g/dL) and women (1.73 ± 0.19 vs. 2.28 ± 0.21 g/dL). The percentage reduction in hemoglobin with hemostatic matrix versus control was 5.00% lower in men (12.41% vs. 17.41%; *P* \< 0.01) and 4.14% lower in women (12.39% vs. 16.53%; *P* \< 0.01).

The mean (±SD) hemoglobin levels 7 days after TKA are shown in [Figure 3](#F3){ref-type="fig"}. Hemoglobin levels were lower in the hemostatic matrix group than the control group for men (2.47 ± 0.21 vs. 3.46 ± 0.45 g/dL) and women (2.49 ± 0.18 vs. 3.28 ± 0.23 g/dL). The percentage reduction in hemoglobin with hemostatic matrix vs. control 7 days after TKA was 7.05% lower in men (17.15% vs. 24.20%; *P* \< 0.01) and 5.62% lower in women (17.81% vs. 23.43%; *P* \< 0.01) \[[Table 2](#T2){ref-type="table"}\].

![A bar diagram showing mean decrease in hemoglobin (after 7 days) in each group by gender](IJOrtho-47-474-g004){#F3}

###### 

Mean reduction in hemoglobin and hematocrit levels compared with preoperative levels for each group
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Calculated total blood loss {#sec2-6}
---------------------------

Total blood loss was lower in the hemostatic matrix group than the control group for men (0.91 ± 0.11 vs. 1.34 ± 0.18 L) and women (0.81 ± 0.09 vs. 1.13 ± 0.14 L). A significant decrease in total blood loss with hemostatic matrix was observed versus control, with a 32.32% reduction in men and a 28.66% reduction in women (*P* \< 0.01) \[[Figure 4](#F4){ref-type="fig"}\].

![A bar diagram showing total calculated blood loss in each group by gender](IJOrtho-47-474-g006){#F4}

The mean (±SD) levels of calculated total blood loss in the control groups were significantly greater in men than in women (1.34 ± 0.18 vs. 1.13 ± 0.14 L; *P* \< 0.01). In contrast, the mean (±SD) total blood loss in the hemostatic matrix groups was similar in men and women (0.91 ± 0.11 vs. 0.81 ± 0.09 L). No blood transfusions were required in the hemostatic matrix groups, whereas three patients in the control groups required transfusions \[[Table 3](#T3){ref-type="table"}\]; however, this difference was not statistically significant. The patients requiring transfusions had hemoglobin levels of 8.5, 8.7, and 8.9 g/dL.

###### 

Transfusion requirements for each group by gender

![](IJOrtho-47-474-g007)

Two patients from the control group developed a superficial wound infection; these infections were treated successfully with oral antibiotics. No deep infections were observed. One patient in the female hemostatic matrix group received intravenous antibiotics for a chest infection following surgery. One female patient from the hemostatic matrix group developed a femoral DVT and another from the same group suffered a pulmonary embolism. There were no immunologic rejection and no fatalities.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

TKA can result in major postoperative blood loss which can impact on the recovery and rehabilitation of patients and also require expensive transfusions. In our experience at San Salvatore Hospital, a transfusion bag costs approximately 300 € (395 \$ USD, 21700 INR) and each transfusion requires two bags of 250 cc of blood. In comparison, the unit price of a pack of the hemostatic matrix used in this study was approximately 240 € (316 \$ USD, 17360 INR). Therefore, if blood loss and transfusion requirements could be reduced through the use of this hemostatic matrix, this could translate to cost savings.

Postoperative drains are used routinely to avoid hemarthrosis following TKA. Drainage output 24 h after surgery was reduced from 0.72 L (male) and 0.65 L (female) for the control groups, to 0.22 L (male) and 0.19 L (female) for the hemostatic matrix groups. These results support those from a similar study by Wang *et al*.,[@ref21] in which drainage output 12 h after surgery was reduced from 0.41 L for the control group to 0.18 L for patients treated with a fibrin-sealant. The larger drainage outputs for our study are most likely due to the additional 12 h drainage time. In the first postoperative day of the study by Wang *et al*.,[@ref21] the hemoglobin level decreased by 2.01 g/dL in the fibrin-sealant group and by 2.73 g/dL in the control group. In our study, similar decreases in hemoglobin levels were observed after 24 h: 1.79 g/dL (male) and 1.73 g/dL (female) in the hemostatic matrix groups, and 2.48 g/dL (male) and 2.28 g/dL (female) in the control groups.

It is well documented that whilst suction drainage is a good predictor of total blood loss, it represents only a fraction of total blood loss due to bleeding into tissues and residual blood in the joint.[@ref1] In this study, we therefore determined hematocrit values (7 days after surgery) in order to calculate the total blood loss as well. As expected, all the calculated blood loss values were considerably larger than those for suction drainage, as seen by comparing Figures [2](#F2){ref-type="fig"} and [4](#F4){ref-type="fig"}. Significant reductions in calculated blood loss were exhibited by both the male and female patients treated with hemostatic matrix. These results suggest that the use of hemostatic matrix in TKA not only reduces blood loss by drainage suction, but also by extravasation of blood into the tissues. The potential benefits of effective hemostasis using hemostatic matrix include faster functional rehabilitation and lower rates of wound infection.[@ref22][@ref23] Only two patients who develop superficial wound infections in this study were in the control groups.

A further benefit of employing a hemostatic matrix is the potential to optimize administration of thromboprophylaxis, which is used to decrease the incidence of DVT and pulmonary embolism associated with TKA.[@ref24][@ref25] Due to concerns that thromboprophylaxis may increase the risk of postoperative bleeding, current recommended practice in the US is to administer the drug 12 h postoperatively. Effective hemostasis would allow the thromboprophylaxis to be administered preoperatively for optimal effect as indicated by Hull *et al*.[@ref26] Indeed, in many European countries low molecular weight heparin is administered preoperatively for hip or knee replacement surgery.[@ref27][@ref28] In the current study, heparin was administered 12 h preoperatively and every 24 h postoperatively, and only one case of DVT and one of pulmonary embolism were recorded, though both occurred in the hemostatic matrix treatment group. Further studies are required to assess the risk of these adverse events after the use of a hemostatic matrix in orthopedic surgery; however, in a recent study of 127 patients who received a topical hemostatic matrix/agent during spinal surgery, only two cases of DVT were recorded.[@ref14]

The results from this study suggest that hemostatic matrix can safely reduce blood drainage output, as well as total blood loss following TKA, while maintaining higher hemoglobin levels. Hemostatic matrix-treated patients (*n* = 51) showed significant reductions in calculated postoperative blood loss of 32.3 and 28.7% versus control in men and women, respectively (*P* \< 0.01). Drainage postoperative blood loss after 24 h was significantly less with the hemostatic matrix versus control, as there was decrease in hemoglobin levels 7 days post-surgery (each *P* \< 0.01). The evidence of the efficacy of a matrix hemostatic agent in orthopedic surgery is supported by studies in other surgical fields, including vascular, cardiac, spinal, and sinus surgery.[@ref12][@ref14][@ref15][@ref29] To evaluate the efficacy of hemostatic matrix in orthopedic surgery, it is also important to assess any reduction in the rate of blood transfusion. In this study, three patients in the control group required blood transfusion, whereas no blood transfusions were necessary within the hemostatic matrix group; however, this result was not statistically significant.

The implantation of a knee prosthesis in ischemic conditions can induce significant activation of fibrinolysis. Various studies have proposed the use of aprotinin (natural) and tranexamic acid (synthetic) as antifibrinolytic agents to reduce blood loss and transfusion requirements in orthopedic surgery.[@ref30][@ref31] Evaluations on the effectiveness of tranexamic acid on reducing postoperative blood loss in TKA have had varying outcomes.[@ref32][@ref33] However, in studies that have shown effectiveness for tranexamic acid, the reduction in hemoglobin and hematocrit is similar to that achieved by the hemostatic matrix in the current study.[@ref34] A meta-analysis of intravenous antifibrinolytics in orthopedic surgery showed that, when compared with placebo, intravenous aprotinin and tranexamic acid reduced the need for allogenic blood transfusion (odds ratio 0.43 and 0.17, respectively), whereas epsilon-aminocaproic acid was not efficacious.[@ref35] Additionally, a second meta-analysis of 13 studies showed that tranexamic acid reduced total blood loss by a mean of 487 mL, which is comparable to the reduction in total blood loss observed with the hemostatic matrix in this study.[@ref36] Till date, there are no studies that directly compare the hemostatic matrix used in the current study with tranexamic acid for any indication. However, when cemented TKA patients received a fibrin spray, tranexamic acid or control, only the fibrin spray significantly affected blood loss volumes compared with control, although the study may not have been adequately powered.[@ref37] Additionally, in a study of uncemented TKA, both fibrin spray and tranexamic acid were equally effective at reducing blood loss when compared with control.[@ref33] A recent study has shown that blood loss is similar between cemented and uncemented TKAs,[@ref38] potentially indicating that the results of the current study could be transferable to cemented TKA.

A number of hemostatic agents are available based on collagen, gelatin, cellulose, and fibrin adhesives, which have demonstrated efficacy. All hemostatic agents require a functional clotting cascade or other clotting factors to work, however, making them unsuitable for use in patients with acquired or inherited coagulopathy.[@ref39] In addition, their use is further exacerbated by the difficulty to apply them to especially aggressive bleeding sites or difficult to access locations.[@ref40]

The study has several limitations in that it included a relatively small number of patients and that every risk or complication associated with hemostatic matrix treatment and TKA surgery could not be extensively explored. Further studies in a multicenter setting with a larger population of patients are warranted to support the current study because this relatively small number of patients do not permit the study ofall possible complication and risk, in fact almost 1000 patients should be included to have adequate power to demonstrate a minimum clinically relevant difference in outcome.

The properties of the hemostatic matrix used in this study are derived from its composition and mechanism of action. Hemostatic matrix contains two components: cross-linked gelatin particles and a human-derived thrombin solution. The compound is granular in nature, which allows it to conform the shape of the wound. The granules swell by 10-20% upon contact with blood or other fluid, causing blood vessels to constrict and reducing the flow of blood to the site of injury. Platelets become activated by the thrombin component and platelet aggregation is stimulated by the collagen component, creating a temporary platelet plug at the site of injury. The activated platelets release a number of effector molecules which assist in the coagulation cascade. The thrombin component of the matrix interacts with the patients' fibrinogen, forming a fibrin clot. During clot formation fibrin traps the granular matrix, promoting assembly of a stable clot.[@ref40]

Our study suggests that the use of the hemostatic matrix provides a safe and effective means by which to reduce blood loss and blood transfusion requirements in TKA. Furthermore, the importance of these findings was enhanced by a significant reduction in blood loss, postoperative decrease in hemoglobin levels, and a decrease in blood transfusion requirements despite preoperative thromboprophylaxis with low molecular weight heparin. These findings are not only significant with regards to patient care options, but also have important consequences with respect to the cost of patient care and suggest that future health--economic evaluations of surgical options in TKA should be considered. Future studies are also warranted to explore the use of the hemostatic matrix in situations additional to TKA, such as total hip arthroplasty and traumatology.
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